During an eight year period 170 
In spite of their potential significance, environmental factors which might influence the course of multiple sclerosis (MS) have seldom been studied in a systematic prospective way. The older medical literature, much of it anecdotal, suggests that many factors may be responsible for new attacks of MS, but most of these studies were retrospective and relied on chart reviews or the memories of patients and their families. Memories can be quite selective: events such as emotional stress or trauma that are followed by an exacerbation are more likely to be recorded than events not followed by worsening of the disease. This problem, and the need for statistical validation of a proposed relationship between trauma and MS, was recognised by McAlpine et al. 1 For eight years our clinic conducted a prospective study of MS patients in an effort to uncover external factors which might be risk factors. Several years ago we published a report based on the first three years of data on the effects of physical trauma; there was a trend for electrical injuries to be a risk factor, although this did not reach statistical significance. We could not, however, find a positive relationship with other forms of trauma.2 Since then, five more years of data have been accumulated, all of it has been reanalysed in greater detail and we now present a report on the completed study.
Methods
During an eight year period 170 MS patients were followed at monthly intervals. One hundred and four were female (F:M ratio 1-6:1). Their mean age was 43 years. All patients with clinically definite MS3 in the community were eligible to participate if they were able to attend the clinic for periodic examination and willing to cooperate with the rules of the programme. They received no immunosuppressive or other prophylactic treatment during the study, although the more severe clinical exacerbations were commonly treated with 10-14 days of intramuscular corticotropin or oral prednisone. Some patients did not complete the full eight years of the programme due to relocation or late recruitment. Four discontinued to enter a trial of prophylactic immunotherapy and five because of advanced disability (DSS 8 or 9). The mean time in the programme per patient was 5 2 years.
There were 134 controls of similar age and sex without neurological disease followed in a similar manner to permit comparison of the frequency of various events in the two groups. There were 85 females (F:M ratio 1-7:1) and the mean age was 40 years. Most of the controls were healthy at entry into the study, although two had rheumatoid arthritis. Many were intermittently disabled for short periods by intercurrent illnesses.
One purpose of the study was to have both patients and controls complete a questionnaire every 30 days, concerned with recording the occurrence of a wide variety of events during the previous month. Included were questions about the occurrence of physical trauma, stressful life events, infections and a variety of other factors. If the questionnaires were not returned, subjects were contacted by telephone and the data recorded by the clinic nurse (KC). Changes in the patients' symptoms were promptly reported to the same person.
Multiple sclerosis patients had a complete neurological examination routinely every three months, including the recording of Kurtzke Functional Scores and Disability There is no statistically significant difference between the proportion of patients having exacerbations AR and those having exacerbations NAR in any of the rows. The critical value for Chi square in each row is 3-84 (p = 0 05); the Chi square calculation was always done on the actual occurrences, never on the rates. Table 2 is an analysis of the data using a three month AR period. A similar table was constructed using a six month AR period which indicated essentially the same results: nothing approaching a significant difference for McAlpine found, for example, in a retrospective study, that in 22 of 36 patients with dental extraction there was a correlation between injury site and the level of the initial MS lesion.' In the cases described in this report, we too saw examples of striking injury-site/lesion correlation. This was true in cases 3, 5, 12, and 14 (table 6) . One was a patient with arm-to-arm electric shock, and one a patient who developed weakness of the same leg two days after knee surgery. The other two cases involved oral surgery. Dental procedures were not, however, a risk factor (tables 2 and 4). In the cases of 10 other patients having exacerbations 15-90 days after dental procedures the exacerbations were probably due to spinal cord or cerebral lesions in seven, and in only three of these was brain stem localisation likely. Thus it would seem to us that injury site/lesion level correlation, as well as the occurrence of new attacks shortly after traumatic events is most likely to be fortuitous. Certainly the frequency of new MS lesions and the frequency of traumatic events allows ample opportunity for such chance associations.
Poser7 and Gonsette et al 3 suggest that increased vascular permeability is a necessary event in the development of a new MS lesion; as evidence they cite the demyelination seen in some brains of MS patients about the path of trocars inserted during the course of thalamotomies, and Kelly's mention of frequent exacerbation after these procedures.'4 Poser cites selected case reports showing a close temporal relationship between trauma and exacerbation, but does not present data about unassociated traumas. He proposes that even minor head and neck injuries may cause exacerbation based on these anecdotal reports. All the head injuries in our study were mild closed injuries; while there was brief loss of consciousness in a number of patients, none had prolonged loss of consciousness. Our data, however, include an adequate sample of such minor head injuries and fail to implicate these as a risk factor.
Without precise knowledge about the pathogenesis of the MS lesions, it is difficult to be sure if the increased vascular permeability seen in many MS lesions by enhanced scans is secondary to the inflammation associated with these lesions, or if it is essential to their development. Two of our patients had thalamotomies; both had rapidly progressive severe disease before, as well as after, making it impossible to draw conclusions about the effect of the trauma of the procedures. Thus our data do not contribute any new information about the effect of severe or penetrating head injuries; in such cases it would be very difficult to distinguish the effects of direct trauma from the effects of MS.
The greater frequency of trauma in our MS patients than in controls is notable. Unlike McAlpine et al, we elected to record all instances of trauma, not just those judged to be unrelated to impairment; in many instances such judgements would have been difficult or impossible. Also if the hypothesis that trauma is capable of worsening the MS process is correct, the distinction should be irrelevant.
The statistically significant negative correlation between trauma and exacerbation rate was due mostly to a low frequency of worsening after surgical procedures and fractures. There was no logical reason to group these categories together, although arguably these may have been the most severe traumas sustained by our patients. We grouped them primarily to show the principal source of the negative association. Ridley and Schapira in a retrospective analysis of major surgical procedures also found the post operative period to be relatively safe: in 57 operations there were no acute exacerbations in the first postoperative month. '5 If trauma is not a major risk factor in MS, what external circumstances did correlate with worsening in our patients during this prospective study? We have previously reported that clinical viral infections were the most impressive environmental influence; the exacerbation rate during cumulative periods AR for such infections was 0 64 per annum, compared with a rate of 0 23 during periods NAR (Chi square = 56 3; p < 0_0001).16 Another report from our clinic emphasised that stressful life events were a much weaker risk factor with the exacerbation rates AR and NAR being 0 36 and 0 26 respectively (Chi square = 4-8; p < 0 05); it seemed likely, however, that the apparent significance of stressful life events might be spurious due to patient bias during periods when concurrent reporting of stress and exacerbation was possible. '7 This work was supported by grant 1048-C-13 from the National Multiple Sclerosis Society, New York.
